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Introduction
Knowledge of the relationship between school resources and student achievement is crucial for policy design. However, despite decades of research, the literature in this area is still inconclusive.
1 In part, this is due to the difficulty of estimating the relationship between inputs and outputs due to the nonrandom allocation of resources. If parents who care more about education ensure that their children attend a "high resource" school, it may in fact be the parents who are causing the better performance and not the school itself. In a similar vein, if school districts allocate money based in order to compensate (or reinforce) differences in child abilities, simple OLS estimates of the relationship between money and performance will be biased.
Identification of the effects of school resources faces several obstacles. First, resources are typically endogenously allocated in response to pupil heterogeneity. Educational efficiency is characterized by an allocation with larger classes and lower teacher-pupil ratios when pupils are well behaved (Lazear, 2001) . Moreover, when school authorities care about equality in outcomes, resources are partly allocated to schools on the basis of needs. Consequently, efficiency considerations and preferences for equality of outcomes may contribute to a negative association between pupil ability and school resources. 2 Second, school resources are multidimensional, and the "all other inputs equal" effect can be hard to identify. For example, the familiar cap on class size, like the Maimonides' rule,
generates an exogenous variation in group size (Angrist and Lavy, 1999) . However, teacher hour intensity per class is subject to choice, and school districts are likely to allocate more teacher hours or other resources to pupils who, for exogenous reasons, end up in large classes. Finally, mobile families may respond to school resource heterogeneity or sort themselves into school districts or municipalities for other reasons, such as the quality of housing (Hoxby, 2000) .
This study aims to identify the effects of school inputs on pupil achievement at age 16 in Norway achievement using a rich dataset from Norway including residential histories of parents. Our approach exploits the location of a natural resource -waterfalls -and a set of institutional features for taxing this resource that generate exogenous expenditure variation across school districts. Teaching of children up to age 16 is provided at the municipality level in Norway. School spending is limited by budget constraints faced by local communities, and resource effects can in principle be identified by utilizing variation in the level of revenues, or priorities, across municipalities. Richer local communities spend more on schools, but local budgets are not orthogonal to the pupil composition.
Typically, children in high-income families tend to live in municipalities with high levels of tax revenues. To satisfy appropriate exclusion restrictions, we need a municipality-level revenue component that is "exogenous". Natural resources often provide economic resources that are unevenly distributed across regions. In Norway, hydropower plants provide a tax base for a group of municipalities, as nature (closeness to the waterfalls) and technology (introduced about 100 years ago) determine plant location and access to this immobile tax source. Nature determined the direction of the waterfall, technology determined the location of power plants and the parliament has given local municipalities discretion to impose a property tax. Unlike taxes on income, the property tax is not taken into account when redistribution among municipalities, including transfers from the central government, is determined. About 40% of the municipalities receive revenues from property tax on hydropower plants, and we show that most of them spend significantly more on education than other comparable municipalities. The effect of school resources is identified by means of instrumental variable techniques focusing on the extra spending, or alternatively, teacher hours, provided by the hydropower communities. We motivate the IV procedure by reporting non-parametric (Wald)
estimates from matching on a large set of municipality-level variables relevant for school expenditures.
Because a single expenditure component such as class size is subject to input substitution bias, we focus on overall measures like teacher hours or total expenditures, both relative to the number of pupils. Variation in a single component such as class size, keeping all other factors equal, is rarely observed. Thus, identification by means of Maimonides' rule does not account for endogeneity of other inputs. When more input characteristics are available in the data, there is also a potential pitfall associated with "over-controlling" (Todd and Wolpin, 2003) .
We use matched register data for a complete cohort of graduates from the final year of compulsory schooling (10 th grade, age 16), including information on schools and pupils' performance at a centrally marked exam. Conditioning on a rich set of family background variables, we are able to control for differences in pupil composition across municipalities. Because our instrument is given at the municipality level, we measure performance at the municipality level by means of estimated municipality fixed effects from an individual level regression, conditional on pupil and family characteristics. Given local government revenues, the level of school resources is influenced by the preferences of the electorate in the municipality and the local cost structure for operating schools, and we control for this variation by conditioning on a number of variables reflecting relevant municipality characteristics
The municipalities with hydropower tax revenues are typically small communities with scattered populations and longer travelling distances, and thereby not representative of the broader population in terms of community characteristics. In order to limit potential bias because of selectivity of municipalities, we focus on "comparable municipalities", defined as the subset that has a similar cost structure when it comes to running schools.
Our main findings are as follows. Standard least squares estimates indicate that school resources do not affect exam scores. When using hydropower tax revenues as an instrumental variable, school resources are found to have a significantly positive impact on pupil performance. The IV results indicate that NOK 10,000 (US$1,175) higher expenditures per pupil are estimated to raise the exam mark by 0.181. Thus, every sixth pupil will have his/her exam mark raised by one level, on a scale from one to six, if the municipality spends NOK 10,000 more on each of them in school.
Furthermore, this positive resource effect seems to be mainly driven by the outcomes in municipalities with high levels of hydropower tax revenues and school expenditures.
We also test for alternative explanations of our findings. These robustness checks include testing for whether children are inherently different in these municipalities, selective mobility in and out of hydro power municipalities, and lastly whether other amenities, such as better day care facilities, in hydro power municipalities may explain better performance at the age of 16. We find no indication of superior initial endowments among kids born in these municipalities. Endogenous mobility is not driving our results: Estimates based on the majority of pupils born in the municipality of graduation do not differ from those which include pupils moved in after birth and results do not change when we allocate pupils to their municipality of birth rather than their municipality of graduation. Finally, the observed differences in the level of day care services (as an example of correlated amenities) are unlikely to explain performance differentials more than ten years later
Identification strategies and empirical specification
Using non-experimental or observational data to identify causal effects of school resources on student performance is challenging because school authorities, teachers and parents all make choices (Todd and Wolpin, 2003) . School authorities not only fix total spending but also decide on the mix of input factors. If a single component is restricted, say class size, input substitution is likely to take place, for equity or efficiency reasons. Large classes are given more teacher hours, or extra resources of another kind. In addition, resources are usually allocated endogenously in response to pupil heterogeneity.
Residential choice represents another challenge. Pupils are not randomly distributed across schools because families sort themselves into municipalities and school districts as a consequence of choosing a neighbourhood to live in. Finally, teachers may adjust their efforts in response to changes in school resource inputs. Consequently standard regression based evidence will only provide limited insight into the effect(s) of school resources on performance. The influence of sorting and input substitution on the correlation between the error term in the performance equation (unobserved ability and unobserved school inputs) and school resources is likely to differ across countries depending on the institutions that allocate resources to schools, and the pattern of parental school choice. While family sorting in the United States is likely to establish a positive association because families with stronger preference for education cluster in school districts with more resources, compensating resource allocations are presumably more important in (many European) countries with a more centralized public funding of schools. All in all, the presence of input substitution and compensating resource allocation imply that standard correlations between observed school inputs and pupil outcomes may not reflect causal relationships, even if they are conditional on a large set of relevant controls.
Several identification strategies are used in the literature. The experimental approach requires specifically designed data. Krueger (1999) Angrist/Lavy tradition using regression discontinuity design-also with certain extensions of the original model-to identify class size effects on test scores. Recent studies from France using variants of this identification strategy find that smaller classes have a positive effect on student performance at both primary and secondary levels, although the magnitude of the estimated effects varies (Piketty, 2004; Piketty and Valdenaire, 2006; Gary-Bobo and Hahjoub, 2006; ) . Among Nordic studies, Browning and Heinesen (2003) as well as Bingley, Myrup Jensen and Walker (2006) obtain the same result using Danish data. A recent study using Norwegian data in the Maimonides' rule tradition, Leuven, Oosterbeek and Rønning (2006) , uses basically the same pupil data as this paper. They find no effects of class size on pupil performance at age 16. Also Bonesrønning (2003) exploits restrictions on maximum class size to estimate the effect of class size on pupil performance among Norwegian 9 th graders. He finds generally weak effects of class size, and the effect varies strongly with pupils' family background as well as their effort. The maximum class size approach faces a problem of input substitution. School resources are multidimensional and not allocated in fixed proportions across schools. If restrictions apply to a subset of school inputs, and variations in restricted school inputs may be mitigated through substitution of other inputs, estimates based on exogenous variation in the restricted input may produce biased results. For example, assume a maximum class size of 30 pupils.
In a school with 28 pupils in one grade and 32 in another, class sizes will be 28 and 16, respectively.
To the extent that teacher intensity matters for pupil performance, and that school principals and authorities care about equity across grades, they will allocate extra teaching resources, and even their best teachers, to the larger classes. In this case, using class size as the resource variable and regulations on class size as an instrument is problematic, because the instrument will be correlated with the error term in the achievement equation. As shown in Haegeland, Raaum and Salvanes (2004) , this argument is also empirically relevant, because there is a positive correlation between class size and teacher hours per class in Norwegian lower secondary schools. In addition, "class size" is outdated as a well-defined input component in education production. The technology of teaching has changed over the last 15 years, with larger variations in group size and teacher intensity per group across subjects (see Telhaug, 1991; Cuban, 1994) . It is far from evident that the size of the class captures the relevant cost components important for student performance. 3 Consequently, teacher pupil ratios defined at the grade level represents a more relevant input measure, for methodological reasons as well as policy relevance.
Among other studies in the quasi-experimental tradition, Hoxby (2000) uses data from Connecticut in the US and relies on an experiment design in which cross-county variation in birth rates and rules that determine the minimum and maximum class size are used for identification. Hoxby concludes that the class size effect on pupil test scores is equal to zero. Hanushek, Rivkin and Taylor (1996) use US data at different levels of aggregation and estimate the effect of teacher-pupil ratios and teacher salaries on test scores and post-secondary education outcomes for high school students. They do not find any effect of school resources. Lindahl (2005) In order to take into account the grouping of pupils into municipalities and the use of estimated coefficients in (2), we utilize the FGLS estimation procedure described in Hanushek, Rivkin and Taylor. (1996). 5 Norwegian municipalities are quite diverse along several dimensions. In our analysis, we focus on a subset of "comparable" municipalities with a similar school cost structure and exclude municipalities with a set of characteristics that predict particularly high or low expenditures (see section 4 for details). To complement the IV analysis, we also report estimates from a more flexible approach where the performance of pupils in communities with hydropower tax revenues is compared directly with outcomes of pupils in "neighbouring" municipalities. Neighbours are not defined by geographical closeness but by predicted school expenditures. This Wald estimator simply relates the performance differential and the observed resource differential, and the effect is defined as the ratio between the two.
Even with "exogenous" school resource allocation along the lines just described, problems related to mobility remain. Families and pupils move, and they sometimes cross municipality borders. The first problem related to mobility is that of endogenous location. Pupils tend to cluster non-randomly in schools because parents sort themselves into neighbourhoods and school districts. If these processes sort pupils with (dis)advantaged backgrounds into districts where schools have (low) high resource use, the effect of school resources on pupil achievement is upward biased.
Peer effects, where pupils benefit from having clever schoolmates, are likely to reinforce this. Both effects may be empirically relevant in our setting, because it is public information that municipalities with hydropower plants tend to spend more on, and presumably offer a higher quality of, local public goods such as schools. Conditioning on a very rich set of family characteristics partly solves the problem, but there may still be biases because of unobserved ability. It is not obvious, however, that families with high-ability children are the most likely to locate in municipalities with HPTR. On the one hand, parents with children who (are expected to) need special attention or supervision, might have extra incentives to move into a community with extra resources. On the other hand, educationoriented parents are more likely to move into high-resource areas. Consequently, sorting on unobserved variables may affect the estimate, but there is no obvious direction of the potential bias.
The second problem is related to the "exposure period" and adequate measures of resources. Pupils accumulate skills over time, and their performance at age 16 will typically reflect school input throughout their whole career, not only the resources experienced during the final three years as observed in our data (see Todd and Wolpin, 2003) . As a consequence of mobility among pupils during their school age, the effects of school resources tend to be downward biased because of measurement error. Moving pupils have been exposed to resources different from those observed at the time of graduation.
Our main analysis does not address the problem of endogenous location explicitly.
However, detailed information on the municipality of residence and migration patterns of pupils and parents across municipalities over a long period of time enables us to study mobility patterns and "test" implications of mobility by estimating school resource effects, conditional on seniority in the municipality of graduation. More specifically, we estimate the effect of school resources, conditional on graduation in the municipality of birth, and also on whether the mother lived in the graduation municipality in 1980, seven years before the child was born.
Another aspect that our approach does not control for is that municipalities may allocate resources in a compensatory way across schools within the municipality. This is because our exogenous variation for identifying resource use is at the municipality level and not at the school level.
Less resources are allocated to schools with pupils who are expected to perform well (for a given school environment), and more teacher hours are provided for schools with less "able" children.
Compensating resource allocation implies that a pupil characteristic that has a positive effect on achievement also has a negative effect on resource variables and will bias estimates downward if the actual characteristic is not controlled for. It is important to note, however, that within municipalities, compensating resource allocation will only bias our results in so far as the resource effects vary across the ability distribution.
Data and institutional features School districts
Norwegian municipalities operate schools to provide compulsory education (1   st   -10 th grades, ages 6-16). They also provide basic health services, organized care for children and the elderly, and infrastructure like water and sewage, and they support a variety of cultural activities. Compulsory schooling accounts for, on average, about 29% of their total expenditures. 6 Municipal activities are financed by a local income tax, a "poll tax" in terms of housing-related utility charges, and property taxes, as well as redistributive transfers from the central government (see Borge and Rattsø, 2004) . In addition to the local income tax with a capped rate, municipalities are allowed to impose a property tax, which accounts for a maximum of 0.7% of their tax base. About one-half of the municipalities currently have a property tax, and nearly all of these apply the maximum rate. Houses in "town-like"
areas as well as physical capital of firms (buildings, machinery etc) may be taxed. Many municipalities choose to exclude houses from the property tax, in order to reduce the tax burden on their own residents. The municipality is free to implement a property tax on production facilities/plants, including hydropower plants. This property tax applies to all businesses, but the tax base (asset value) may be set low to avoid large taxes on locally owned firms.
School resources
We consider two alternative measures of school resources. Both are constructed as averages across schools at the municipality level, covering the three years prior to graduation to reflect school inputs during the period when the pupil attended lower secondary school.
Teacher hours. Every school provides annual information on (i) the number of pupils by grade and (ii) the total hours of instruction for 8 th -10 th grades to the Norwegian Compulsory School Information System (GSI). Traditionally, instruction has taken place within classes, but the number of teachers occupied with pupils belonging to a given class varies across subjects, classes, grades and schools.
Expenditures. 
Pupil achievement at age 16
Our sample covers all pupils who completed compulsory education in Norway ( 
Pupil characteristics and their family background
To measure C i and F i in equation (3), detailed information on pupil and family characteristics along a number of dimensions are taken from several administrative registers. All variables are constructed for the year in which the pupil graduates.
Demographic information and family structure:
We include dummy variables for the pupil's gender, quarter of birth (given graduation in the year they turn 16) and graduation in years earlier or later than expected according to their age. Parents' marital status is measured by means of dummies reflecting whether they are married (to each other), cohabitants, separated, divorced or none of these, and dummy variables indicating whether the father and/or mother is unknown. The age of the mother and father at the birth of their first child is represented by dummy variables reflecting age intervals. Another detailed set of dummies reflects the number of full siblings, the number of half siblings and the rank in the birth order (of full siblings).
Parents' education:
Educational attainment is classified into four categories: lower secondary, upper secondary, lower tertiary and higher tertiary education. Based on this classification, we construct dummy variables for all combinations of father's and mother's education.
Immigrant status: Pupils with both parents born abroad are classified as immigrants. We distinguish between 15 countries/regions of origin by means of dummy variables. Age at immigration for the pupil is defined by intervals distinguishing between those who were born in Norway or who immigrated before they were three years old, and those who immigrated when they were 3-5, 5-7, 7-9, 9-11, 11-13 or 13 years or more.
Economic resources, unemployment, disability pension and social assistance: As the permanent economic resources of the family may be more important than current income during the final school years, family income is defined as the sum of the father's and mother's taxable labour income during the last 10 years (regardless of marital status). Dummy variables reflect the position (quintile) in the family income distribution.
Family wealth for the pupil is defined as the sum of the father's and mother's individual taxable wealth for the year prior to graduation. Because wealth typically increases over the working part of the life cycle, we construct age-specific wealth distributions, where we divide families into five-year age intervals based on the average age of the parents. Dummy variables reflect whether the family belongs to one of the upper four deciles of its age-specific wealth distribution. (A majority of families have negative taxable wealth. The tax value of housing, which is the most common nonfinancial asset, is far below market value. Negative taxable wealth is reported as zero.)
Unemployment records are used to construct variables for the incidence of unemployment for the parents during the 10 years prior to the pupil's graduation. We ignore short unemployment spells and define a person as unemployed if he or she was registered as unemployed for at least three months of a calendar year. We construct dummy variables, separately for mother and father, for unemployment in the graduation year, and for unemployment one, two, three, four and five or more years during the 10-year period prior to graduation. Similarly, we construct variables indicating the receipt of a disability pension and social assistance. We define a person as on a disability pension if he or she received disability pensions for more than six months of the calendar year. Our criterion for defining a person as receiving social assistance is that he or she received at least NOK 20,000 (approx US$2,850) in a given year. Dummy variables for disability pensions and social assistance are constructed in the same manner as for unemployment.
Instrumenting school resources
Our identification strategy rests on the idea that richer local communities spend more on schools, see Aaberge and Langørgen (2003) 
Local property taxes from hydropower plants
Information on local government revenues generated by tax on hydropower plants (HPTR) is not readily available, but we have collected data specifically for this study. Only total yearly property tax revenues are reported by the municipalities to Statistics Norway. By means of information on the property values for the around 800 hydropower "plants" (including dams and reservoirs) and detailed information on their locations (needed because a single "plant" can have facilities in more than 10 municipalities) 9 , we calculate the share of the total property tax in 2002 that can be attributed to hydropower plants. Unlike taxes on other properties, these are typically paid by companies with owners outside the local community. Therefore, nearly all municipalities with waterfalls have implemented the maximum tax of 0.7% of the asset value of the hydropower facilities. Because a single hydropower plant often has reservoirs in more than one municipality, the asset value of each 7 See, for instance, Aaberge and Langørgen (2003) for an assessment of the degree of redistribution across municipalities in the Norwegian tax system. 8 One could argue that intergenerational transfer of skills would imply that descendents of the entrepreneurs are a selected group of pupils, but the relatively low earnings persistence across generations in Norway (see Bratsberg et al., 2007) suggest than any such sorting effect would be negligible within a two-or three-generation perspective. 9 The tax base, or property value, is determined by the net present value of the plant's revenues and costs. In 2002, however, the value of all plants was subject to a minimum value, proportional to the average production during the previous five years. 
Determination of school resources
To provide information about the scaling of variables, Table 1 describes the distribution of resources across municipalities, based on all municipalities with valid information on all variables. On average, expenditures per pupil are around NOK 54,250 (US$7,800). The variation is substantial, as the 10 th percentile spends NOK 43,900 (US$6,300) and the 90 th percentile spends NOK 68,600 (US$9,800).
For comparison, Hanushek, Rivkin and Taylor (1996) report that expenditures across US states in the early 1990s varied between US$2,960 and US$8,645. Among municipalities without hydropower revenues, average expenditures are lower. The variation in teacher hours across all municipalities is also substantial with a 90-10 log-differential of about 0.62. As for total expenditures, teacher hours per pupil are lower in municipalities without HPTR. increase by one NOK, expenditures per pupil increase by NOK 0.89. The effect on log teacher hours per pupil is estimated to be 0.065, which says that an extra NOK 10,000 in hydropower tax revenues per capita raises teacher hours by about 6.5%. However, the t-value is just above two, indicating that HPTR is a weaker instrument for teacher hours per pupil.
Given local government revenues, the level of school resources is influenced by preferences of the electorate in the municipality and the local cost structure for operating schools.
Panel B includes estimates of cost-related expenditure determinants like the number of pupils, travelling distances measured by average travelling minutes from the centre of own neighbourhood to the next ("neighbour") and to the municipality centre ("zone"), as well as the proportion of disabled children. Expenditures related to schools are fundamentally linked to the size of the school-age population. This is particularly so in communities with a scattered population, as limits on acceptable commuting distances generate sizeable economies of scale. Expenditures per pupil are, for small and medium sized municipalities, decreasing in the number of pupils. Locations of houses, and thereby the travelling distances of pupils, affect costs via the number of schools. Longer distances cause expenditures and teacher hours to rise. Disabled children are typically integrated in local schools with additional resources. To account for the presence of pupils requiring extra resources, we include the share of mentally disabled pupils aged 6-16, as well as a number of family background characteristics of the graduating pupils; the shares of parents with tertiary education and upper secondary school, as well as the shares who are unemployed, receiving welfare transfers or disability pension, and the share of non-western immigrants as defined in section 3.
11
The family background of the actual pupils affects the resources through compensating resource allocation. When pupils have a more privileged family background, fewer resources are allocated to schools. The positive signs on unemployment are clear evidence of this practice, and the negative effects of higher parental education point in the same direction. The results for family earnings, i.e., the fractions in the lower and upper quintiles, are mixed, but the high correlation between family characteristics makes it hard to get precise estimates of each of them.
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The priorities of the local council and its constituency seem to affect school resources. A politically left local majority and a more educated electorate (share of the adult population with higher education) have a positive influence on school resources, but the coefficients are not always significant.
Comparable and neighbouring municipalities
The municipalities with hydropower tax revenues are not representative in terms of community characteristics. They are typically small communities with scattered populations and longer travelling distances. This heterogeneity may generate correlations between expenditure determinants, hydropower tax revenues and unobserved factors affecting pupil performance. In order to limit potential bias because of selectivity of HPTR municipalities, we focus mainly on "comparable municipalities" defined as the subset that holds a similar level of predicted expenditures. We define comparable municipalities as those who hold predicted expenditures (teacher hours) within the range observed among municipalities with and without HPTR. To predict school resources we use estimates from the sample of municipalities without hydropower tax revenues (column (2) in Table 1 ).
In Figures 1 and 2 , we first compare municipalities with HPTR (Panel A) and without HPTR (Panel B) and display the kernel densities of the predicted level of expenditures and teacher hours, respectively. The comparable communities for expenditures lie in the range of NOK 45,000 to 78,000 per pupil and for log teacher hours between 4.30 and 5.09. As will be clear below, our main effects will partly be driven by outcomes in municipalities with high HPTR. The C panels display the distributions in these communities. Basically we exclude municipalities with extremely low and, to some extent, high levels of predicted resources per pupil, illustrated by the vertical cut-off lines in Figures 1 and 2 . Municipalities with low costs typically have more pupils than the largest among those with hydropower tax revenues. 12 If we use the average predicted individual performance of the pupils based on micro level family characteristics, instead of aggregated family characteristics, we get a significant negative estimate clearly supporting the existence of compensating resource allocation. Table 2 displays the means of municipality characteristics, by level of hydropower tax revenues. We have already shown that municipalities with positive HPTR use more resources, and the numbers are displayed in the first two rows. However, low levels of HPTR appear to have no effect on school resources. Municipalities with HPTR are also different from other municipalities along a number of other dimensions. They are smaller in terms of average number of pupils, and travelling distances are somewhat longer. HPTR municipalities are more likely to have a politically left majority, but the fraction of voters with tertiary education is of a similar magnitude. There is no systematic difference according to the observed family background of the pupils. As HPTR is determined by nature (topography), a possible concern is that HPTR serves as a proxy for geographical location and hence reflects regional effects that may affect resources and (unobserved) pupil ability. Figure 3 illustrates that municipalities with HPTR are widely scattered across the country although many are located in the central, high-altitude areas of the southern part of Norway.
Figure 3: Geographical location of municipalities, by hydropower property tax revenue
Returning to the power of the instrument, we find that the effects of HPTR on resource use are slightly lower when we restrict the analysis to municipalities with a comparable expenditure structure (see column (3) (comparable municipalities) in Table 1 , which are the first-stage regressions in our IV analysis). However, even across comparable municipalities, HPTR is a powerful instrument for school spending. Figure 4 displays the relationship between HPTR and residual expenditures (left) and teacher hours (right). (Residual expenditures are defined as the difference between observed and predicted expenditures based on parameters in column (3) of Table 1 .) In other words, the two figures display the effects of the instrument, conditional on municipality characteristics that affect variation in cost structure and priorities. Basically, the figures indicate that, first, the effects of the instrument are not totally driven by extremely rich municipalities and, second, linearity seems to be a fairly good approximation. We see that there is a larger effect of HPTR on expenditures per pupil than on teacher hours per pupil. Thus, HPTR is a stronger instrument for the former resource measure. For teacher hours, there are also some outliers with high HPTR, but excluding these municipalities does not qualitatively affect our findings. Our Wald estimator in section 5 is based on a comparison of pupil performance in municipalities with and without HPTR. In order to make the Wald estimates as comparable as possible to the regression results, we make the two groups as equal as possible by matching municipalities. The matching procedure follows the "nearest neighbours" principle, where neighbourhood is determined by cost structure, not by geographical location. The idea is that differences in resource use between two municipalities that are similar according to the factors that determine the costs of providing schooling at a given standard can be used for comparing pupil outcomes. The matching approach compares two sets of municipalities, where one is "rich" because of HPTR and the other is less affluent (within each pair). The hydropower tax revenues imply that more resources are allocated to schools in the richer communities. Based on the school resource models in column (2) of Table 1 , we calculate predicted school resources, given observed municipality characteristics, and we select for each HPTR municipality its five closest neighbours. We have chosen to include more than one neighbour to reduce the variance in both resources and performance. The disadvantage of including more neighbours (i.e., less precise matches are therefore a potential bias) is limited because the differences in predicted resources between potential neighbours are fairly small.
In Tables 3A and 3B , Panel A, we report the level of school resources in the municipalities with HPTR and their neighbours. Municipalities with low HPTR have higher expenditures on schools than their neighbours (see Table 3A ), but their teacher/pupil ratios are almost identical (see Table 3B ). When HPTR is substantial, municipalities spend more on schools and have more teachers than their neighbours. The B panels of both tables display the mean characteristics of the HPTR municipalities and their neighbours. HPTR municipalities are typically smaller and tend to have longer travelling distances. Other municipality characteristics are fairly similar, but there is a tendency for HPTR municipalities to have characteristics that contribute to lower spending, counteracting the effects of size and travel distances. 
School resource effects
We start the presentation of the results first by showing performance differentials for neighbouring (matched) municipalities. The logic of our identification strategy builds on the idea that effects are defined by different, and presumably superior, performance among students in HPTR municipalities.
Column (1) in Table 4 displays the performance differentials, measured by average exam marks, the proportion with "basic skills" (mark above 2) and the proportion with high skills (mark 5 or 6). These differentials are adjusted for family background characteristics as discussed in section 2, i.e., Table 3 . The reported performance differentials in column (1) are for the expenditure-matched sample, but the differentials for the teacher hours-matched samples are very similar. The log (teacher hours per pupil) estimate is divided by 10 to have an interpretation of (approximately) a 10% increase in teacher hours per pupil. Standard errors are in parentheses. */**/*** indicate statistical significance at the 10%/5%/1% level respectively. Observations (matched pairs) are weighted with the inverse of the sum standard errors of the estimated municipality performance effects.
Columns (2) and (3) in Table 4 provide the Wald estimates, which relate the average outcome differentials in column (1) to the respective resource differentials by simply calculating the ratio between the two. We see the Wald statistics based on these differentials as preliminaries, or advanced descriptive statistics. Considering all HPTR municipalities, the effect on average performance is positive for both teacher hours and expenditures, but the latter is not statistically significant. A 10% increase in teacher hours per pupil is estimated to raise marks by .044, which amounts to a one level improvement for one in every 25 pupils.
At the lower end of the achievement distribution, the Wald estimator suggests a small and positive effect on basic skills (Panel II) from increased teacher hours, but again only significant at the 10% level. Higher expenditures do not seem to have any effect on basic skills when we compare (all) municipalities with and without HPTR. The impact on the proportion with high skills is larger and significant (Panel III), with estimates equal to .041 and .018 for expenditures and teacher hours, respectively.
The positive effects of school resources seem to be driven mainly by the outcomes of high-HPTR municipalities. When we split by level of HPTR, no significant effects are found based on municipalities with low or moderate HPTR. Pupils in municipalities with high HPTR, however, have significantly better performance than pupils in neighbouring communities. The Wald estimates are all significant, except for basic skills. All in all, the Wald estimates of Table 4 clearly suggest that (large) differences in school resources do matter. Note: Dependent variables are average marks (row I), fraction with basic skills (row II) and highly skilled (row III) at the municipality level. Standard errors are in parentheses. */**/*** indicate statistical significance at the 10%/5%/1% level respectively. Observations are weighted as described in section 2.
Turning now to our preferred IV approach, the main results are given in Table 5 . Column
(1) reports the bivariate least squares regression coefficients and reveals that school resources are basically uncorrelated with measures of pupil performance in comparable municipalities. However, if compensating resource allocation to improve achievement among low-ability pupils is important, the effects of school resources are biased downwards unless we control for pupil composition. When we condition according to individual family background, we do find significantly positive effects of expenditures as well as teacher hours (see column (2) in Table 5 ). This pattern is consistent with an allocation of resources where more needy pupils attract extra money to schools.
The IV estimates are reported in column (4). More resources in terms of higher expenditures do have a significantly positive effect on pupil performance. Additional expenditure of NOK 10,000 per pupil is estimated to raise average marks by .181. Thus, every fifth or sixth pupil will have his/her exam mark raised by one level if the municipality spends NOK 10,000 more annually on each of them in school.
An extra 10% in teacher hours per pupil raises the average mark by about .252, i.e., a one-level rise for one in every four pupils (see column (4) in Panel B). It should be noted, however, that the precision of these estimates is not impressive. Standard errors are one-third to one-half of the estimated coefficients, indicating that the lower bounds of the confidence intervals are close to zero.
When we look at the resource effects across the performance distribution (see rows II and III in Table 5 ), our estimates suggest that the effects are larger among the more able pupils. For expenditures, IV estimates are significant at the 5% level for both basic skills and high skills, but the estimate is larger for the latter. The effects of teacher hours are less precisely estimated and only significant at the 10% level.
Compared with all OLS estimates with municipality controls in Table 5 , IV estimates are substantially higher. This suggests that compensating resource allocation is important in Norway and contributes to a significant downward bias in the standard cross-sectional estimates of school input effects.
Robustness checks
The main results are based on comparable municipalities with a similar set of characteristics. Even if we prefer this restriction, it is not crucial for our conclusions. The results based on all municipalities are reported in Table 6 , and they turn out to be very similar. While point estimates are slightly lower, the effects are of the same order of magnitude, and they remain significant. Note: Dependent variables are average marks (row I), fraction with basic skills (row II) and highly skilled (row III) at the municipality level. Standard errors are in parentheses. */**/*** indicate statistical significance at the 10%/5%/1% level respectively. Observations are weighted as described in section 2.
Our identification is based on cross-sectional variation across municipalities and even if we condition on a large number of family characteristics, and there are several potential issues related to how robust our results are. First, the pupils in the municipalities with hydro power incomes may be inherently different in terms of endowment before starting school conditional on the rich set of parental characteristics . Second, selective mobility in and out of hydro power municipalities may affect the results. And third, other amenities like better day care facilities etc and not better schools in HPTR municipalities, may contribute to explain the superior school performance at the age of 16. In this section, we look empirically at the implications of these alternative explanations, and conclude that the results are hardly affected in any substantial way.
Are pupils inherently different in hydro power municipalities?
The first issue is whether pupils are inherently different in hydro and non-hydro municipalities.
Unobserved ability differentials correlate positively with HPTR. Over generations, geographical mobility and intergenerational transmission of skills may sort high-ability families and children into communities with HPTR. In technical terms, if positive sorting on unobserved characteristics is important, the exclusion restriction is invalid and the resource effect estimates would be upward biased. If early test score information were available, a straight forward test would be to inspect the correlation between the conditional municipality level means (or fixed effects) with the level of HPTR.
Such measures are not available, but a companion data set contains initial endowment proxies that enable us to check this kind of associations. 13 In recent years, several studies have shown that an early child endowment measures such as birth weight, head size and apgar scores are fairly strong predictors for both early and later outcomes like educational attainment and earnings (Behrman and Rosenzweig, 2004; Almon, Chay and Lee, 2005; Black, Devereux and Salvanes, 2007) . Table 7 displays the last squares regression coefficient on HPTR where the conditional average endowment indicator for each municipality is regressed against HPTR and the same municipality controls as in the main (IV)
analysis. We find no association whatsoever for birth weight or head size, while the negative 'effect'
of HPTR on the apgar-5 score suggests downward bias in our resource effect estimates rather than the opposite. In addition, the lack of systematic family characteristic differentials by level of HPTR, see Table 2 , fits into this and provide evidence that supports our exclusion restriction. 13 The Norwegian birth registry contains information on a set of initial health indicators for all children in Norway from 1967 . See Black, Devereux and Salvanes (2007 for a detailed description of the data set. Note: Apgar score is from the general test of a child health on a scale from 1-9 here measured 5 minutes after birth.
Selective mobility
The second set of robustness checks is related to parental mobility between municipalities. Mobility may affect our estimates through various mechanisms. The first channel relates to the period of exposure to a resource regime. Because pupils who have moved experienced resources different from that observed at graduation, mobility among pupils may bias resource estimates downward because of measurement error. Second, selective migration is potentially important. In our context, families with certain characteristics may be more inclined to stay in-or move into-communities with high HPTR and school resources..
First, we track the residential municipality of pupils until graduation. About 83% of the pupils have lived in their graduation municipality throughout all 10 years of school (see Table 8 ).
Because resources are fairly constant within municipalities over time, this high persistence suggests that the bias arising from measurement error is modest. We find a weak tendency for pupil seniority in the graduation municipality to be higher in municipalities with positive HPTR (see the last column of Table 8 ). There are also a slightly higher proportion of mothers in HPTR municipalities who lived in the same municipality in 1980, i.e., six years before the pupil was born. However, we do not expect that a minor difference of this magnitude will have any sizeable impact on our estimates. The effects of mobility are examined in Table 9 . Even if our real concern is about sorting on unobserved characteristics, a study of how observable family characteristics are associated with geographical movements is clearly indicative. If pupils of advantaged families tend to move into municipalities with (large) HPTR, there is reason to be concerned that our estimates are driven by systematic sorting. The estimates in Table 9 show the effects of family background, summarized by predicted marks using our large set of family background controls, on the probability of graduation in a municipality with high (columns (1) and (2)) and medium HPTR (columns (3) and (4) The estimated effects of predicted marks on graduation in high-or medium-HPTR municipalities are all negative. All in all, the relationships between family characteristics and mobility do not indicate that our resource effect estimates are upward biased. On the contrary, it there is any bias associated with family movements throughout the school years, they probably disguise some of the favourable effects of large school inputs.
As a further check on the impact of mobility we report estimates of the school resource effects, conditional on seniority in the municipality of graduation. Column (1) in Table 10A displays the effects of expenditures, based on non-immigrant pupils. They turn out to be almost identical to our main results in Tables 4 and 5 . When we restrict the analyses to pupils born in their graduation municipality in column (2), the estimates are again very similar. For any given difference in the estimates, the effects of higher spending identified by the Wald or IV estimators are even larger. This is consistent with an explanation where mobility causes a bias because of differences in observed resources and what pupils have been exposed to throughout their school years. One might argue that families select themselves into municipalities according to parental preferences for children's education before the pupil is actually born. Estimates in column (3) are based on children of mothers living in the graduation municipality six to seven years prior to the time of birth. The precision of the estimates are lowered because of smaller samples and some of the effects are no longer significant.
The IV estimate of expenditures on mean performance is somewhat lower (from .184 to .149), but still significant at the 10% level. Table 10B displays the estimates from the same sampling exercise using teacher hours as the measure of school input. The pattern is similar for what is shown for total expenditures, but the precision is even lower presumably because our instrument is weaker for teacher hours than for total school expenditures. One could argue that even the sub-sample of stayers is selective, as the out-migration from HPTR communities can be (negatively) correlated with pre-school ability of the kids. In the final columns of Table 10A ,B we ignore the change in resources which is due to post-birth family mobility by allocating each pupil to his/her municipality of birth rather than to the municipality of graduation. The two coincide for about two thirds of the sample, see Table 8 . We would expect a lower effect of school resources simply because measurement error is introduced for a substantial fraction of the pupils. If selective movers really explained our results, the estimated resource effects should go to zero. This is not confirmed. Columns (4) in Table 10A ,B show that resource effects are slightly lower as we would expect from measurement error, but the IV estimates remain statistically significant.
Other amenities in hydro power municipalities
Finally, one might wonder whether other amenities in the HTPR communities actually can explain the superior school performance at age 16. They are rich municipalities with a wide range of high quality services like libraries, sport fields and public day cares. Empirical studies suggest that early education and high quality child care services have favourable long-term effects on development and educational attainment, but the evidence is mixed and hard to establish due to obvious selection issues (Currie, 2001 ). 14 Using an additional data set on the coverage of day cares by municipality, year and children's preschool age, we find that the coverage of day care for children aged 1-6 was about 50 per cent on average for the years relevant for our sample (1988) (1989) (1990) (1991) (1992) (1993) , with a substantially higher coverage in municipalities with HPTR. 15 Controlling for municipality characteristics (used to explain school resources in 'stage 1'), we find that an increase in HPTR with 1,000 NOK is associated with a 1.2 percent higher day care services coverage. A back of the envelope calculation suggests than a HPTR increase of 10,000 NOK would imply that one extra in nine pupils would have spent their pre-school years in a nursery. If the superior performance of pupils exposed to the increase in school resources triggered by 10,000 NOK more in HPTR actually was (totally) explained by this, nursery attendance (rather than spending time home with their mother, typically) would have to raise the expected mark at age 16 by 1.5(!), which is about two standard deviations. Cleary, the difference in child care coverage may explain just a minor fraction of the superior school performance at age 16 for pupils in HPTR communities. As a final check, we included child care service coverage as a municipality control in both stages of our IV estimation. Naturally, the power of the HPTR instrument drops a little, but the point estimates of the resource effects are basically unchanged while standard errors of the estimates increase a little.
Conclusions
Unobserved pupil heterogeneity and incomplete measures of school inputs make empirical identification of school resource effects a challenge. Our approach is founded on a set of institutional features in the educational sector in Norway that generate exogenous variation in school resources, caused by differences in municipality level revenues orthogonal to pupil ability. Hydropower plants provide a tax base, as nature (closeness to the waterfalls) and technology introduced about 100 years ago determine their location and the access to an immobile tax source for a group of municipalities. In principle, we compare pupil performance in neighbouring municipalities that differ only in terms of power plant presence. In addition, we are able to control for a rich set of observable family background variables and factors that affect school expenditures. We examine the effect of school resources on student performance at the age of 16 using comprehensive resource measures-teacher hours per pupil and total expenditures in schools-to avoid input substitution effects. We find that more resources in terms of higher expenditures do have a significantly positive effect on pupil achievement. The IV regression indicates that NOK 10,000 (US$1,175) higher expenditures per pupil are estimated to raise the exam mark by 0.181. Thus, every sixth pupil will have his/her exam mark raised by one level if the municipality spends NOK 10,000 more on each of them in school. An extra 10% in teacher hours per pupil is estimated to raise the average mark with about 0.251, e.g., one level exam mark rise for one in every four pupils. As for most causal effects identified by "natural experiments", the precision of these estimates is not impressive. Standard errors are from one-third to one-half of the estimated coefficients, implying that the lower bounds of the confidence intervals are close to zero.
With respect to the magnitude of the estimated effects, it is illustrative to relate them to the grade point average (of 11 subjects) for pupils from lower secondary school. The national mean is 3.9 with a standard deviation of 0.8. Assuming that the resource effect is constant across subjects, our estimated expenditure effect amounts to 0.2 standard deviations, and the effect of teacher hours amounts to 0.3 standard deviations.
The IV estimates contrast with the standard cross-sectional estimates that indicate zero, or even negative, effects of school resources. This pattern is consistent with endogenous resource allocation where extra inputs are provided to children with specific needs.
Because families move and cross municipality borders, one might worry that endogenous location (Tiebout sorting) drives our estimates. Our results may also be biased if pupils in hydro power municipalities are inherently different in terms of initial endowments, and if other amenities in hydro power municipalities contribute to their superior school performance. To wrap up all the robustness checks, we find no indication of superior initial endowments among kids born in HPTR, and it seems implausible that sorting through mobility on unobserved ability is driving our estimates. The strongest evidence is given by the estimates for pupils born in the municipality of graduation as well as using municipality of birth as the principle of linking performance and resources, which in both cases are almost identical to what we find in our main analysis. Finally, day care services as an example of correlated amenities are unlikely to explain performance differentials more than ten years later.
While the average achievement of Norwegian students is close to the mean in international studies such as the PISA, a decomposition of the 2003 mathematics-performance examination shows that between-school variation is low in Norway compared with what is found in other countries (see Kjaernsli et al., 2004) . Tiny performance differentials across schools suggest that the variation in school-specific factors is unimportant. However, it may also reflect the fact that resources do matter and that they are distributed across schools partly to level out performance differentials arising from other sources such as pupil composition. The findings in this paper support that the allocation of resources contributes to low performance differentials between schools. Finally, our estimates are likely to represent lower bounds of the effect of school resources. Norway is among the top countries in terms of school expenditures per pupil and our estimates are even identified by the high spending municipality. If there is decreasing returns to school resources, we would expect the effect of school resources to be at the low end in Norway when comparing across countries.
